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Abstract— Since the introduction of CT and other imaging modalities there has been an emerging need for a standard for
transferring images and associated images. As a result of which American college of Radiology (ACR) developed a
standard called digital imaging and communication in medicine (DICOM). All the modalities present in the system export
the images in form of DICOM files. As a result of this there was need for image viewer which can effectively understand
the DICOM standard, interpret the DICOM file and display the images present in it. This paper effectively talks what all
features should be supported by a DICOM viewer also. It also discusses about digital Image Subtraction (DSA) which is
advantageous over most standard arteriographic examinations.
Index Terms—DICOM standard, Digital Image Subtraction, Image Processing
I. INTRODUCTION
The DICOM Standard applies to the field of Medical
Informatics. Within that field, it addresses the exchange of
digital information between medical imaging equipment and
other systems [1]. With the introduction of computed
tomography (CT) and other digital diagnostic imaging
modalities, the American College of Radiology (ACR) and
the National Electrical Manufacturers Association (NEMA)
realized the need for a standard method so that images can
be transferred along with associated information between
devices which were manufactured by various vendors.
These devices used to produce a variety of digital image
formats.
The ACR and the NEMA formed a joint committee in
1983 to develop a standard so that digital image information
can be communicated among modalities regardless of device
manufacturer. It was also designed to allow the development
of and expansion of picture archiving and communication
systems (PACS) that can store huge amount of information
[2][3]. One more important use case of DICOM was to create
to diagnostic databases which are interoperable among
various device manufacturers.
ACR-NEMA published first version designated as
version 1.0 in the Publication No. 300-1985 and it was
published in 1985 [1]. The Standard was followed by two
subsequent revisions: No. 1, published on October 1986 and
No. 2, published on January 1988. ACR-NEMA Standards
published another version designated as version 2 in
Publication No. 300-1988 which was published in 1988. It
included version 1.0, the published revisions, and additional
revisions. It also included new material to provide command
support for display devices, to introduce a new hierarchy
scheme to identify an image, and to add data elements for
increased specificity when describing an image [1].
Digital subtraction angiography (DSA) is a recently
developed radiographic technology which is used in
diagnosing vascular diseases. DSA is generally used to
obtain images of arteries in various parts of the body; it can
also be used in contrasting arterial structures with their
surrounding bone and soft tissues. After digitization of
image, it is possible to “subtract” the images which were
obtained before applying contrast and after applying contrast.
These subtracted images allow us to visualize bones and the
arterial structures which are not having direct arterial
puncture and injection. The data or images obtained before or
after subtraction can be viewed with the help of DICOM
viewer after post processing. The subtraction process is
basically used in DSA to eliminate (or factor out) the bone
and soft tissue images that would otherwise be superimposed
on the artery under study. The changes can be monitored on
serial images by changing contrast appearance over time
(temporal subtraction) and by varying X-ray intensities
(energy subtraction). General DSA examinations take 25 to
45 minutes to perform, unless there are technical
complications (e.g., difficulties with catheterization).
DICOM viewer should be able to open all type of
DICOM images. It should allow user to view all the images
present in the given image series. It should display patient
related information. It should be able to read DICOMDIR
file and read all the patient information and series
information present in it. It should also allow jpeg
compressed files to be shown. It should allow users to
perform basic image processing operations like panning,
zooming and rotating an image. It should also be interpret
information present in Presentation state file and apply that
information received from presentation state file on the
image. Also DICOM viewers for web are also designed [4].
This paper describes the overall design of DICOM
viewer. The first chapter discusses basics about DICOM,
Digital Image subtraction and DICOM viewer. The second
chapter contains details information about information
present in X-Ray Angiographic and Presentation state
DICOM files. The third chapter talks about digital image
Subtraction its advantages and techniques used for
subtraction. The fourth chapter describes the need of a
DICOM viewer and the basic high level design. The paper
concludes with a concrete implementation strategy for
DICOM viewer and future works.
II. DICOM STANDARD
This Standard, designated as Digital Imaging and
Communications in Medicine (DICOM), have a number of
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major enhancements to previous versions of the ACR-
NEMA Standard:
•DICOM supports operation in a point to point connected
environment using TCP\IP protocol
•It is applicable to an off-line media environment. The
DICOM standard did not specify a file format of choice.
Generally .dcm file format is being used for a DICOM file.
•It specifies the behaviour of a device reaction to various
command set and it also specifies semantics of commands of
associated data.
• It introduces explicit Information Objects not only
for images and graphics but also for waveforms, reports,
printing, etc.
• It specifies an established technique for uniquely
identifying any Information Object. This facilitates
unambiguous definitions of relationships between
Information Objects as they are acted upon across the
network.
DICOM Standard specifies the set of Information Object
Definitions (IODs) that provide an abstract definition of real
world objects applicable for communication of digital
medical information [1]. An IOD which is an object-oriented
abstract data model is used to specify information about
Real-World Objects. It also provides a common view of the
information to be exchanged to application Entities
communicating among themselves. An IOD does not
represent a specific instance of a Real-World Object, but
rather a class of Real-World Objects that share the same
properties. An IOD used to generally represent a single class
of Real-World Objects is called a Normalized Information
Object. An IOD that includes information about related Real-
World Objects is called a Composite Information Object [1].
The Attributes of an IOD describe the properties of a Real-
World Object Instance. Attributes are encoded as Data
Elements using the rules, the Value Representation and the
Value Multiplicity. Figure 1 shows the basic real world
DICOM model from which various levels in DICOM i.e.
patient, study, series and images can be inferred. Also
universal transcoder for reading DICOM images and
compressing these using lossy as well as lossless schemes
such as DICOM RLE, JPEG, and JPEG 2000 have been
defined [5].
For the purpose of X-Ray Angiography (XA), the below
Infomation Object definition is used to encode a single
frame image, or a scine encoded in a single multi-frame
image. A typical study usually include all the images
generated between the time a patient gets on and gets off the
procedure table. As several separable diagnostic or
therapeutic processes may occur during a single study (e.g.,
pre-intervention CA, left ventriculography, and post-
intervention CA), a series may be defined as comprising a
set of images (single or multi-frame) associated with one
such process within a study. This IOD can be used to encode
a single plane acquisition, or one plane of a biplane
acquisition. Table 2.2 describes various objects used in XA
Image IOD. The usage column specifies whether a object is
Mandatory (M), Optional (U) or Conditonal (C).
Figure 1 DICOM model of real world [1]
The X-Ray IOD contains all basic information about Image
data. The Image data is stored n form of grayvalue whose
values may be betwwen 0-65536 or 0-256 depending upon
bitdepth i.e. 16 bit or 8 bit respectively. In dicom highest
grayscale value signifies white colour and the value of
grayscale as zero indicates black coloured pixel. Since
image data is stored in raw format, the size of dicom file
increases at a very fast rate ie 10 frames of size 1024 X1024
X 16 will be 20Mb. Now in order to transmit or store this
image data in memory efficient system JPEG lossless
compression technique can be used. The information
whether image is JPEG compressed or raw is specified in
the message transfer syntax of DICOM file.
TABLE1:
XRAY ANGIOGRAPHY IOD [1]
IE Module Usage
Patient Patient M
Study General Study M
Patient Study U
Series General Series M
Equipment General
Equipment
M
Image General Image M
Image Pixel M
Contrast/Bolus C -
Required if
contrast media
was used in
this Image
Cine C -
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IE Module Usage
Required if
pixel data is
Multi-frame
Cine data
Multi-frame C -
Required if
pixel data is
Multi-frame
Cine data
Frame Pointers U
Display Shutter U
VOI LUT U
SOP Common M
Common
Instance Reference
U
The Grayscale Softcopy Presentation State Information
Object Definition (IOD) specifies information that may be
used to present (display) images that are referenced from
within the IOD.
 It includes capabilities for specifying: the output
grayscale space in P-Values
 Grayscale contrast transformations including
modality and VOI LUT
 Mask subtraction for multi-frame images
 Selection of the area of the image to display and
whether to rotate or flip it
 Image and display relative annotations.
The below table 3 represents an IOD for Grayscale
Softcopy Presentation State Information
TABLE 2:
GRAYSCALE SOFTCOPY PRESENTATION STATE
IOD[1]
IE Module
Patient Patient
Study General Study
Patient Study
Clinical Trial Study
Series General Series
Clinical Trial Series
Presentation Series
Equipment General Equipment
IE Module
Presentation State Presentation State Identification
Presentation State Relationship
Presentation State Shutter
Presentation State Mask
Display Shutter
Bitmap Display Shutter
Overlay Plane
Overlay Activation
Displayed Area
Graphic Annotation
Spatial Transformation
Graphic Layer
Graphic Group
Modality LUT
Softcopy VOI LUT
Softcopy Presentation LUT
SOP Common
III. DIGITAL SUBTRACTION ANGIOGRAPHY
Digital subtraction angiography (DSA) is a type of
fluoroscopy technique used in interventional radiology to
clearly visualize blood vessels in a bony or dense soft tissue
environment [6]. Images are produced using contrast
medium by subtracting a 'pre-contrast image' or the mask
from later images, once the contrast medium has been
introduced into a structure. Hence the term 'digital
subtraction angiography' is used.
In traditional angiography, images are acquired by
exposing an area of interest with time-controlled x-rays
while injecting contrast medium into the blood vessels. The
image obtained would also include all overlying structure
besides the blood vessels in this area. This is useful for
determining anatomical position and variations but
unhelpful for visualizing blood vessels accurately.
In order to remove these distracting structures to
see the vessels better, first a mask image is acquired. The
mask image is simply an image of the same area before the
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contrast is administered. The radiological equipment used to
capture this is usually an image intensifier, which will then
keep producing images of the same area at a set rate (1 - 6
frames per second), taking all subsequent images away from
the original 'mask' image. Flexible masks can be produced
during runtime [7]. Also motions during operations are to be
considered [8].
FIGURE 2:
(a)Unsubtracted Image obtained in middle of Contrast
Injection (b-d) Images obtained after subtraction of images
from mask image.
The figure 4 represents the images that are obtained after
subtraction from the mask image.
DSA has a wide range of clinical applications in
addition to its use in carotid artery studies. DSA has been
substituted for standard arteriography in the evaluation of
aortic arch anomalies, aortic coarctation, and vascular
bypass grafts. Also there has been use of Digital subtraction
techniques have also been used for imaging of the
abdominal, cardiac, pulmonary, carotid, intracerebral, and
peripheral vessels.
DSA has the potential of significantly improving
the radiologist’s and clinician’s capabilities in diagnostic
screening and postoperative assessment. Furthermore, DSA
is likely to limit the use of older noninvasive tests (e. g.,
periorbital ultrasonography and thermography), because of
greater sensitivity and specificity for diagnostic purposes.
DSA also limits the use of, or provide a substitute
for, arteriography under many clinical circumstances. In
addition, it can be employed in situations where
arteriography is inapplicable, therefore increasing the
number of arterial examinations. For example, elderly
patients, for whom arteriography is risky or who are at
greater risk for stroke from cerebral arteriography, can
easily have their carotid arteries examined and also the risk
of complication decreases. Since DSA is noninvasive, it
may be performed repeatedly on the same individual in
order to monitor postoperative or therapeutic progress, with
good patient compliance. The table below compares
advantage of DSA and conventional Arteriography
TABLE 3
ADVANTAGES OF DSA OVER CONVETIONAL ARTIEOGRAPHY
Advantages of DSA Advantages of conventional
Arteriography
Deceased Morbidity Increased spatial resolution
Decreased patient
discomfort
Feasibility of selective
injections
Decreased hospitalization
time
Less degradation of patient
Motion
Decreased procedure time Visualization of smaller
blood vessels
Decreased film cost
Usefulness in patients with
limited arterial access
Lower cost per examination
Increased contrast resolution
IV. DESIGN OF ADVANCED MEDICAL
IMAGE VIEWER
After the introduction of DICOM standard it became
important to introduce viewers which can interpret the
DICOM files and show the images present it in them with
highest possible Image quality. Various DICOM viewers
were eventually introduced with different features but all of
them lacked some or other feature. MICRODICOM was
introduced but it only understood X-RAY angiography file
and did not understand grayscale softcopy presentation state
file. Also MICRODICOM did not allow user to do post
processing operation on top of DICOM files though it did
support viewing of jpeg compressed X-RAY files. Philips
also introduced a DICOM viewer but it was not lightweight
as it has dependency on .NET framework. The start-up time
for the Philips DICOM viewer was also very high. Philips
DICOM viewer supported viewing of both X-Ray file as well
as Presentation State file. It also allowed post processing
operation to be performed on images.
A basic DICOM viewer should minimum provide a
basic set of features like
• Open medical images in DICOM format
• Read DICOM files of any manufacturer and
modality
• Open DICOM directory files
• Display patient list from DICOMDIR
• Load via drag & drop or double-click
• Play/Pause the cine
• Display images from different studies or
examinations
• Zooming and panning DICOM images
• Brightness/contrast control
• Measurements and annotations
• Displaying DICOM attributes of selected image
• Compatible with windows XP and Vista
These basic DICOM viewers generally do not allow users to
perform post processing on top of images and allow them to
perform Digital subtraction of images. Also the DICOM
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viewers should allow the images to exported in format others
then DICOM. The users should be allowed to draw
annotations on top of images and they should be allowed to
perform run subtraction. Run subtraction indicates
subtraction two cine play from each other image by image.
Advanced Medical Image Viewer should support all basic
image processing operations. It should also be able to open
compressed X-Ray file and it should allow user to perform
digital image subtraction and other X-ray specific operations
like contrast brightness changes, edge enhancement land
marking and pixel shift operations on top of images. It
should be able to display unprocessed images by applying
the contrast brightness changes accordingly. It should be able
to perform run subtraction in which two series are subtracted
from each other frame by frame. It should allow users to
draw annotations and perform measurements with the help of
which the doctor can measure catheter size and choose
correct catheter. Also Quantitative analysis can be performed
to find the root cause of blockage and decide whether to
perform the open heart surgery or use balloon.
Figure 3 represents the overall design of Advanced DICOM
viewer. There are six modules present in the viewer.
The first module is the user GUI. The GUI should be simple
to use and user friendly. Image should be shown and no
buttons should be present on top of Images. The user should
be able to open a DICOM file at any point of time and it
should show its content. Also it should be able to iterate
through the images and at any point see the first and last
image. User should be able to perform post processing on
images. And the processing should take place on different
thread so that GUI thread is never blocked.
FIGURE 3
BLOCK DIAGRAM OF VIEWER
The second module is the viewer which should be able to
display the images and should have any glitch at any point of
time and it should support displaying both 8 bit and 16 bit
grayscale image.
A database should be maintained which is filled by reading
the XRAY image file and presentation state file. Flat file
database is used since it is faster than other database and we
can get the same state back on restart of system by reading
the database.
At any point of time user should be allowed to
perform processing on top images. User should be able to
subtract images from the mask image and should be allowed
to change the mask image on request. Also the use should be
able to landmark the image and perform pixel shifting .Also
the contrast brightness can be changed at any point of time.
Finally the user should be able to export the images
out of system in format other than DICOM. Images can be
exported in form of PNG and MP4 format. Mp4 format along
with h.264 encoding can be used to encode the image. This is
the same encoding format used by YouTube for compression
.It is fast and also it reduces the size of video. A separate
thread should be running so that export happens in the
background and user can perform other operations
meanwhile.
Figure 4 represents the flow diagram for the
DICOM viewer. Initially the user selects a DICOM file. It
can be a DICOMDIR so the DICOMDIR file is read and its
content are displayed along with thumbnail for each series
present in the image. The then user selects the patient and the
series is loaded in the database and the first image is
displayed on the Viewer after which the user can perform
post processing operations on top of images. Also user can
select directly a XA file so only XA database is filled. Now
the user cannot perform post processing as only XA file is
selected.
FIGURE 4:
Flow Diagram for Advanced Medical Image Viewer
V. CONCLUSION
After introduction of DICOM standard, a DICOM viewer
was needed to interpret the content of image data present in
the DICOM file. DICOM viewers were designed to show
DICOM images only. They were not associated closely with
look of actual modality on which the post processing
operation can take place simultaneously. The advanced
medical image viewer is designed to allow user to view
DICOM images as well as perform image processing on top
Proceedings of the International Conference , “Computational Systems for Health & Sustainability”
17-18, April, 2015 - by R.V.College of Engineering,
Bangalore,Karnataka,PIN-560059,INDIA
All Copyrights Reserved by R.V. College of Engineering, Bangalore, Karnataka Page | 208
of X-ray images. Also the DICOM viewer allows user to
export images in form of PNG and MP4 format.
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